I. INTRODUCTION
In 2005, the first recommendation of the International Committee for Weights and Measures (CI2005) was to provide the best possible values of the fundamental constants needed for the redefinitions of the kevlin, ampere kilogram and mole [1] , [2] . For the Boltzmann constant k alone, more than 25 articles have been published on its determination over the past ten years. This presentation will present very briefly the four different techniques currently used for the re-determination of k, namely the measurement of the speed of sound in pure Helium-4 ( 4 He) or Argon, the change of refractive index as a function of the density of pure 4 He, the measurement of the noise power in an electrical resistance and finally the determination deduced from the Doppler profile of an atomic or molecular absorption line.
II. ACOUSTIC METHOD
This method determines the Boltzmann Constant k using the relation k = 3Mu 2 /(5NAT) in that, in the limit of zero pressure, connects k to the speed of sound u in a noble gas, the thermodynamic temperature T, and the molar mass M of a gas and NA the Avogadro constant. The speed of sound is deduced by measuring the acoustic resonance frequencies of a copperwalled, quasi-spherical or cylinder cavity of known volume filled either with helium [3] [4] [5] or argon [6] [7] [8] [9] [10] . The volume of the cavity is determined by microwave resonance. The strengths of this method are 1) the redundancy of the measurement (several acoustic and electromagnetic modes), 2) internal checks of the validity of the data, 3) independent measurement of the acoustic and microwave resonance frequencies, 4) international collaboration has pooled resources to improve models of small perturbation effects and their related uncertainty.
III. REFRACTIVE INDEX METHOD
A second method is based on the change of the relative dielectric permittivity of a gas ε as a function of pressure P. Here, k is given to first order by
where Aε is the molar polarizability. An ab initio calculation gives Aε with a relative uncertainty of 10 -7 but only for helium. The relative dielectric permittivity can be estimated from a capacitor [11] , or a microwave resonator [12] both methods require one know the isothermal compressibility of the apparatus with a very small uncertainty. Also, it is necessary to measure the pressure at the 10 -6 level of uncertainty in relative value. It is important to point out that this method has satisfied the second criterion of [2] , namely to provide a second method to determine k with uncertainty below 3×10 −6 in relative value.
IV. ELECTRIC NOISE METHOD
A third method utilizes the fundamental properties of thermal voltage fluctuations in conductors. The Johnson noise in a resistance R is
where Vn is the voltage and Δf the bandwidth over which the noise power is measured. NIST, NIM and NMIJ [13] , [14] have all developed a Johnson noise thermometry system that uses precision waveforms, synthesized with a quantized voltage noise source to calibrate the electronics, which measures the noise power. Like the refractive index approach, this method has also satisfied the second criterion of [2] , making it equally valuable.
V. DOPPLER WIDTH OF SPECTRAL LINES METHOD
An optical method uses the Doppler linewidth ΔνD of a rovibrational transition in a dilute molecular gas [15] , [16] . The width due to thermal agitation is measured by linear laser absorption spectroscopy and is related to k via
where ν0 is the line center frequency, m the molecular mass and c the speed of the light. In practice, collisional broadening must be included and careful lineshape modeling is required. Fig. 1 . All determinations of the Boltzmann constant contributing to the adjusted CODATA value of 2017 [17] .
IV. CONCLUSION
The diversity of the methods (thermophysical properties of gases, electrical noise or optical spectroscopy) provides a very solid physical basis for the new fixed value of the Boltzmann constant. Moreover, the new definition will change (revolutionize?) the way of measuring thermodynamic temperature in metrology laboratories. Once the Boltzmann constant has been fixed, using all these methods one will be able to measure thermodynamic temperature directly without any reference to a "special" temperature. Note though that the uncertainty associated with the new definition of the kelvin is a weighted average of all compatible measurements. In other words, today, no single laboratory can measure thermodynamic temperatures with an uncertainty at this level.
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